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I  Introduction 
Labour supply functions derive from consumers' utility functions, and so provide 
insight into consumer behaviour.  The major purpose of empirical studies of labour 
supply is. therefore. to provide estimates of the parameters of the labour supply 
function. so that infonnation may be gained as to both the direction and magnitude of 
change in consumer behaviour that might be induced by changes in one of more of the 
economic variables upon which labour supply decisions depend.  For example, a 
government decision to change the real level of welfare payments going to a particular 
welfare group c,rn be expected 10 have some effect upon the desired level of labour 
market participation of  individuals within this group.  The extent to which these 
individuals adjust their labour supplies has_immediate budgetary implications, as well as 
longer run implications for the growth in GDP and the size and composition of the 
growing number of welfare recipients.  Empirical estimates of the parameters of labour 
supply functions are. therefore, essential for providing estimate of the likely effects of 
changes in government policy which have potential labour market implications. 
The.parameters of the labour supply function which empirical studies seek to provide 
estimates of are the Slutsky income and substitution effects.  The two variables upon 
which the evaluation of income and substitution effects hinge are market wages and oon-
wage income.  Accurate estimates of market wages and non-wage income are, therefore, 
central to empirical analyses of labour supply.  Although important issues surround the 
estimation of both these variables, market wages have proved to be the 
more intractable of the twol.  This is particularly so when market wages cannot be 
observed for all individuals in the sample being studied.  In such cases instrumental 
1  The non-wage income variable is relatively straight forward.  The major complication occurs when 
the  systein of taxation.or welfare bend!( reduction, links non-wage income to effective market 
wages. 2 
variable techniques must be used to impute wages to individuals for whom market data 
is nol available in order that the labour supply equation rnuy be estimated across all 
individuals in the sample.  This paper concentrates upon a number of statistical and 
econometric issues that arise when market wages are estimated for Ihis purpose. 
Section II gives a brief description of Mincer's human capital earnings function and 
discusses three specific problems that are likely to plague empirical estimates of this 
function. 
The results from.fitled equations. estimated from Australian data provided by the 
1981/82 Income and Housing Survey, are presented and discussed in Section III. 
Section 1  V contains some concluding comments. 
II  Human Capital Earnings Functions 
Following Mincer (1974) market wages have been analysed in ternlS of a semi-log 
earnings function, with human capital variables comprising the regressors.  The function 
is dervied by assuming that gross earnings in period t (El) will be equal to the previous 
periods earnings (Et·)}, plus ;a constant return (r) on any education or training (Cl-l) in 
which the individual may have invested.  That is 
(I)  E,  = E'_I  + rC,_1 
Expressing investment expenditures in any period t as a proportion of  gross earnings in 
that period such that kt  =  erlEt gives 
(2)  E,  E,_I(l + rk'_Il 3 
Then, by recursion. an individual's current earnings can be related to all past periods by 
expressing equation (2) above as Et  =  Eo(1 + Tko) (1 + rkt) .... (1  + rkt_l), a 
logarithmic approximation of  which is 
(3)  In Et  In Eo  + fLki 
On the basis that human capital investment is comprised of two distinct components, 
fonnal schOOling. and less fonnal post schooling investments, often in the form of 'on 
the job' training. the investment leon (k) is separated into two components parts, kj and 
kJ  ki represents investment ratios during schooling, and kj. investment ratios that 
obtain thereafter.  Equation (4) is therefore rewritten as: 
(4)  In Et =  In Eo  +  fL.-kj  + TIkj 
The schooling period investment ratios (Kj) are then set equal to one on the assumption 
that tuition and opportunity costs can be expected to equal any earnings and formal 
assistance (such as scholarships) during this period, so that 
(5)  In Et  In Eo  +  rsi  + r:Ekj 
where (rsi) represents the market return to fonnal schooling.  Post schooling 
investments are expected to decline over the individual's lifetime on the basis that market 
skills depreciate over time, and that the incentive to invest (to counteract this 
depreciation) falls as the payoff period, that is, the individual's working life, shortens. 
A quadratic experience tenn is therefore included in the estimating equation to capture 
the nature of  post schooling investment.  The estimating equation then becomes 
(6)  In Et  =  a  +  bI Si  +  b2 eXPi  + b3 (exp)j2  + b4 Zj  + e 4 
where Sj is the amount of  years spent at school, eXPi and (exp)j2 represent the amount 
of lime the ilh individual has spent in the labour force, and Zj is a vector of personal 
characteristics expected to affect the indiyidual's market wage. 
11.1  Estimation issues 
A number ofprobJems are likely to arise in the estimation of this earnings function. 
Similtaneous equation bias because of endogeneity of  one or more of the independent 
variables is a problem likely to plague any earnings equation.  Errors arising from 
incorrect measunneant of the dependent variable. although possible in any earnings 
equation, are more likely to occur when the dependent variable is defined as average 
hourly earnings.-When the equation is estimated over a subset of the sample being 
studied, censoring bias is a further potential problem. 
Simultaneous equation bias in  the labour supply equation will occur when the market 
wage does not fonn an exogenous constraint upon the individual's process of 
optimisation.  This occurs when the net market wage is affected by a progressive 
taxation system andlor earnings related welfare payments.  Both will cause the net 
effective market wage2 to vary with hours worked. thus making it a choice, and hence 
·endogenous, variable. 
Schultz (1980) argues that these same variables, prog~ssive taxation and earnings 
related welfare benefits. may also exert an independent influence upon any estimated 
wage equation because they may systematically affect measured market wages across the 
sample.  This bias can be avoided in the wage equation by using the more appropriate 
value of gross rather than net market earnings.  Adjustment for taxation would then need 
2  The 'cffeclive market wage' is defined as the additional income which accrues from an extra hour of 
market work, net of losses due to taxation and/or attrition of welfare payments. 5 
to be carried out when the wage is entered int~ the labour supply equation.  The wage 
would, of course, stjU remain endogenous to the labour supply decision. 
Simultaneous equation bias in both the wage and hours worked equations may also 
,occur because of  endogeneity of labour market experience.  This is intuitively appealing 
and in accordance with the the rationale presented above for the derivation of Mincer's 
earnings function.  That is, experience in any period will positively affect the market 
wage offer in the following period. thus increasing the future opportunity cost of 
leisure.  Evidence of this endogeneity was found by Ben-Poralh (1973).  His analysis 
shows the existence of serial correlation between past and present labour market 
participation for married women.  This suggests that the probability of labour market 
participation at any point in time is some positive function of previous participation, at 
least for married women. 
The link between past labour market participation and current measured market wages is 
more tenuous, although Heckman (1980) does find some evidence for endogeneity of 
experience in the wage equation.  In his study, when experience was imputed using 
instrumental variables the coefficients on experience and education both fell marginally. 
The inference therefore, is that coefficients on education and experience will be 
upwardly biased if the endogeneity of experience is not taken into account.  However, 
the effect was weak.  A much stronger effect was found when instrumental variables 
were used for experience in the labour supply equation. (Heckman 1980)  Correcting for 
endogeneity in this way usually requires an independent measure of the endogenous 
variable.  If  experience must be computed from other variables, correcting for 
endogeneity is considerably more difficult. 
Errors arising (rOm incorrect measurement of the dependent variable are another source 
of bias likely 10 occur in wage equations.  This problem arises principally because the 
market wage, as conceived of in the neoclassical model of labour supply, is 1mt directly 6 
observable but must be derived from available infonnation. The usual procedure is to 
compute an average hourly wage by dividing market earnings by hours worked.  As 
both of  these variables can be inaccurately reported Of measured th~ likelihood of  errors 
in the dependent variable is increased.  If such errors are large. they will introduce 
biases into the estimated coefficients in the wage equation (and therefore into the hours 
worked equation) under usual estimation procedures such as OLS and Maximum 
likelihood.  However, the effects of these errors can be minimised through the use of 
robust estimation techniques) 
Misspecification bias can occur because of the use of an  inappropriate functional form, 
or because of  omitted variables.  The omitted variable problem is the one most likely to 
be present when the wage equation is estimated using only those in the sample who 
currently engage in market work and then used to predict market wages for those not 
currently engaged in market work (non·workers). 
For example, in the Australian context market wages are likely to be influenced by 
biases introduced into the system by seller concentration in product markets, by 
concentration on both sides of the labour market. and by the unique institutional setting 
within which wages are determined.  None of these aspects of wage detennination can 
be easily included in a wage equation which is to be used to predict a wage for non~ 
workers.  Australian and overseas studies which have investigated the effects of the 
aforementioned variables on market earnings have found them to be significant.4  Any 
earnings function which does not take account of such factors will necessarily suffer 
from bias due to omitted variables. 
Heckman (1980) has argued that when dealing with censored samples of workers, the 
problem of  missing information on the dependent variable can also be dealt with in terms 
See Roenker R (1982) ror a sorvey of the use or robust estimation lCchniqucs in Econometrics. 
4  Sec Hancock and Moore (1972) and Chapman and Miller (1982) for an examination of these issues 
using Australian dala; Bchmann (1968) and Weiss (1966) for U.S. data 7 
of specification bias due to an omitted independent variable.  This missing regressor can 
be derived by fannulating the problem as follows.  Consider a Ilonnally distributed 
sample which comprises both workers and nonworkers, with market wage data 
,available for the subset of workers only.5  In these circumstances, the market wage 
equation (6) will only be correctly specified if it is independent of the selection rule, or 
sample selection equation, which determines the composition of the sub-sample over 
which it is estimated.  Two equations are, therefore, now relevant to the problem: 
(7)  Yli  ==  Xli13li  + uti 
(8)  Y2i  =  X2iB2i  + u2i 
Equation (6) is rewritten in general bivariate form in equation (7); equation (8) is the 
sample selection equation.  Xji is a I xKj vector of exogenous regressors and Bj  is a 
KJx 1 vector of  parameters.  The relationship between Y Ii and  Y  2i is such that if  Y  2i > 
0, the individual participates in the labour market and Y Ii is observed.  If  Y2i sO, the 
individual is out of the labour market and Yli is not observed.  Equation (9) therefore 
determines the probabillity of  any individual i being in the subsample of market 
participants.  The relationship between equations (7) and (8) is captured by writing the 
market wage equation (7) as 
(7.)  E(Yli I XJj,Y2i > 0) 
Assuming the joint distribution ofU  Ii, U2i, h(U I i,U20 is a bivariate normal density, 
and that 
E(Uji)'= 0,  E(Uji,Uj'i) = ojj  j=I,2 
E(Uji,Uj'i') = °  i~j 
5 The probability of being in either c<'lteogry can be deLermined from sample evidence, so the 
sample is censored. 8 
it can be shown that 
where I\.  =  l~~~n'  ~  and cz,  being respectively the Donnal density and distribution 
.  B2iX2i 
funcuons, and Zj =  .~  . 
vV22 
Formulated in this way, censoring becomes a misspecification problem, due to omission 
of (1\)6.  All th~t is needed is qantitative infonnation on the variables which detennine 
whether or not any particular individual will be in the market sample.  That is, 
infonnation on B2iX2i.  This can then be used to find Zi and hence 1\..  1\ can then 
entered in the wage equation to capture any censoring effecuhat might be present. 
111  Empirical AnalYsis 
The data source used for this study was the 1981/82 Income and Housing Survey 
conducted by the Australian Bureau of Statistics in June 1981.  The sample comprises 
31,723 individuals, or approximately one third of  one percent of the Australian 
population at the time of the survey.  It was drawn as a multistage area sample of private 
dwellings together with a sample of  non~private dwellings, such as hotels and motels. 
The sample covered all States, the Australian Capital Territory and the Northern 
Territory. 
The data from this survey is in unit record fonn and is structured to provide information 
on individuals, both in isolation, and within a family structure.  As the primary purpose 
of this study is investigation of the labour supply behaviour of sole parents, the most 
important feature of this data base is the detailed information provided for welfare 
6  this model is developed rully in Heckman (1980) 9 
recipients.  As well as infonnation on personal characteristics, detailed income data are 
provided.  Income received is reported in dollar amounts and is broken down into a 
wide range of categories to isolate its source.  In particular, income from government 
cash benefits is documented in accordance with the fonn of  pension or benefit received; 
the percentage of total income coming from government cash benefits; the percentage of 
total income coming from a particular foml of government cash benefit; and the 
percentage of government cash benefits coming from a particular form of benefit or 
pension. 
A subset of the sample was taken by choosing all females between 20 and 60 years of 
age who were household heads.  Again, the motivating force for choosing this group of 
women came from the primary aim of the study, to examine the labour supply behaviour 
of sole parents.  The data revealed that these individuals were in fact household heads, 
and at the time when this sample was taken, almost 90 percent of all identified sole 
parents were females. 
Also, using the same logic that married women with husbands represent an identifiable 
group with particular characteristics which set them aside from other women, women 
who are household heads can be seen as an identifiable and in some respects 
homogeneous group with particular characteristics which separate them from the rest of 
the population. 
This subset was further reduced by choosing only those individuals for whom the 
income data ha~  no potential biases.  For example women who had recently changed 
marital status, or who had only recently entered the country were eliminated from the 
sample.  Some of the demographic characteristics of the final sample chosen are 
presented in Appendix 1. 
d 10 
Using these data a market wage equation was estimated using Mincer's semi-log 
earnings function as defined in equation (6) above.  The dependent var,iable used was 
the natural log of gross average hourly earnings (loW), with education (ED), experience 
(EXP), experien~e squared (EXP2), marital status (MS), birthplace (BP), dependent 
children (DC) and geographical area (GA) as regressors.  Thus the estimated equation 
was 
(8)  InWi  =  Ei + EXj + EXj2 + MSj + BPi + DC! + GAj 
The dependent variable was computed in the usual way by dividing market earnings for 
the week by the nLimber of hours worked. 
Infonnation was available as to whether or not individuals belonged to a superannuation 
scheme, and whether or not their employers contributed to the superannuation scheme 
on their behalf.  It was considered, however, that although superannuation represented 
'wage like' income, there was likely to be a multiplicity of errors associated with 
'attempting to measure the present value of such payments.  For this reason, attempts to 
include this in the measure of  market wages were abandoned. 
The information on market earnings is in dollar.amounts.  However, the hours worked 
information is reported in 6 intervals: 1·14 hours; 15·19 hours; 20·24 hours; 25·29 
hours; 3()"34 hours; 35 hours and over.  The midpoint of these intervals was used as the 
denominator in the computation of average hourly eamihgs.  It seems clear that this is 
likely to introduce errors into the computed market wage rate.  The errors are also likely 
to be greatest at either end of the houts distribution, that is, in the 1-14 interval and the 
35 and over interval. 
At the time these data were collected, married females who worked full time worked an 
average of 37.8 hours per week, and unmarried females who worked full time worked 
-11 
,an average of 37.2 hours per week.  A value of 37.3 was therefore used to compute the 
average hourly wage for fulltime workers} 
The bottom 1-14 interval is more difficult to deal with.  Using a midpoint of7 to 
compute the average hourly wage for women whose weekly hours fall into this interval 
could give particularly biased values for the market wage.  For example. a woman 
working say  I hOUrfOT a wage 0£$7.00 would be assigned an hourly wage of $1.00, 
whereas a woman who worked for 14 hours for the same hourly wage of $7.00 would 
be assigned an hourly wage of $14.00.  In other words, within this interval, one would 
expect to find women assigned both very low and very high computed average hourly 
wages.  Inspection of the data indicated that this was in fact the case, but that the biases 
were not extreme enough to indicate that the interval should be omitted from the 
analysis. 
6.1 percent (117) of the sample of women who worked at all fell into the 1-14 hours 
worked category.  Only one of the 12 women assigned an average hourly wage of less 
than $1.00 was from this hours worked care  gory.  However. of the 10 women assigned 
an hourly wage of greaterthan $20, six were women who worked 1-14 hours. and each 
of the top five wages computed were assigned to women from this group.  The 
statistical probability of such an occurance is very low.  However, inspection of the 
characteristics of these women indicated that, although it was unlikely that they would. 
in fact earn such high wages, there was not sufficiently strong unambiguous evidence in 
favour of  eliminating them from the sample. 
Given that the minimum weekly award wage for adult females at the time when these 
data were collected (June 1981) was $ 144.90, it was considered that an average hourly 
wage of less than one dollar per hour was unrealistic, and almost certainly due to some 
7  The value of37~3 hours for full  time workers was determined as a weighted average of thc number of 
hours  worked by  married and  not married  women  who  worked  full  time.  The  weights  were 
determined by Ihe proportions of married and  not married women  in  the sample.  (ABS Catalogue 
No. 6101.0) 12 
fonn error.  The twelve observations which comprised this category were therefore 
eliminated from the sample. 
Of the independent variables, 'marital status', 'dependent children', 'birthplace' and 
'geographical area' were aU represented by dummy variables.  'Marital status' was 
coded as 1 for all women who were married, separated, divorced or widowed and 0 for 
women classifiep as never married.  'Dependent children' was coded 1 for one or more 
dependent children and 0 for no dependent children.  'Geographical area' was coded as 
1 if the individual resided in a metropolitan area, and 0 otherwise.  'Birthplace' was 
coded in two alternative ways:  1 if the individual was born in Australia, and 0 
otherwise, and 1 ifbom in Australia. United Kingdon. U.S.A., Canada Of New 
Zealand. and 0 otherwise.  The latter coding was an attempt to capture the effect of 
English as the woman's native language upon her market wages. 
,'Education' and 'experience' were both entered as hierarchical categorical variables. 
The values for 'education' were detennined by the age at which the individual left 
school, as demonstrated in table 1 below. 13 
Table I 
Variable Definition 
Never went to school 
Left school aged 13 or less 
Left school aged 14 or 15 
Left school aged  16 
Leftschool aged I7 
Left school aged 18 or over 
Completed adult education course 
Trade qualifications 
Certificate or Diploma 
Bachelor or post graduate degree 
value 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
Experience was computed in  two stages. Firstly, a value for potential market experience 
was estimated by subtracting the age at which the individual left school from her age at 
the time of the survey.  This involved estimating a 'school' leaving age for individuals 
possessing trade qualifications, adult education qualifications, a certificate Of diploma, 
and a Bachelors or post graduate degree.  Table 2 shows the school leaving ages used to 
compute the experience variable. 
Table 2 
Variable Definition 
Never went to school 
Left school aged  13 or less 
Left school aged 14 or 15 
Left school aged 16 
Leftschool aged I7 
Left school aged 18 or over 
Completed adult educarion course 
Trade qualifications 
Certificate or Diploma 
Bachelor or post graduate degree 
Estimated School 
Leaving age 
I 
2 
14.5 
16 
17 
18 
18 
19 
19 
20 14 
This 'potential experience' value was then adjusted to account for the effect of  children 
upon a woman's labour market experience.  The details of this adjustment are presented 
in Appendix 2.  Experience was also entered as a squared tenn in accordance with the 
rationale presented above that the incentive to invest in further education and training is a 
negative function of  age because the net present value of the returns fall as the individual 
approaches retirement. 
Ethnicity was found to have an insignificant effect upon market wages under both 
eodings, and was, therefore, excluded from the equations.  Similarly, .the dummy 
variable for geographical area was excluded from all equations because it was found to 
have an insignificant effect upon the dependent variable. 
Analysis of variance tests showed that the mean wage for the metropolitan and 
'exmetropolitan areas were the same.  However, the variance in the metropolitan zones 
was greater than in the exmetropolitan zones.  It seems likely that this geographical area 
variable is not detailed enough to illuminate the differences between working in a large 
business district, and working in a small country town.  For example, it is likely that the 
exmetropolitan zone includes some large country business districts where wages are, for 
reasons of supply and demand or Arbitration, on average, the same as those in the 
capital cities. 
Tables 3, 4 and 5 below give the results from both OLS and Robust regressions 
estimated over the above sub-sample of women who reported working some positive 
hours in the market and who had computed average hourly earnings of  greater than or 
equal to $1.00. 
The Robust estimations were carried out because of unavoidable imprecision associated 
with measurement of roth average hourly earnings and market experience.  The 
estimated experience variable is undoubtedly conveying only partial information about 15 
the individual's true market experience, and it is possible that [his could result in 
inefficiencies in the estimated equations using OLS estimations.  Robust estimation of 
the equation should reduce this problem.  It will not, however, eliminate any 
simultaneous equation bias which may be present because of  experience endogeneity. 
Similarly. misspecification biases will remain.  Details of the Robust estimations used 
are set out in Appendix 3. 
Table 3 shows the results from regressions using only education and experience 
variables.  Marital status is added to these variables in the regressions in table 4, and in 
table 5 the equations also includes the variable for dependent children. 
Intercept 
Education 
Experience 
Results from OLS and Robma Estimates of 
Average Hourly Earnings Equation 
(absolute t-statistics in parentheses) 
OLS  Robust 
Experience squared 
1.664 
(71.172)** 
0.05094 
(15.399)** 
0.01088 
(7.7937)** 
-0.000102 
(4.268)** 
1.696 
(95.28)** 
0.0492 
(19.539)** 
0.01234 
(11.597)*' 
-0.0000123 
(6.758)** 
R2 
Adjusted R2 
n  1589 
.158 
.156 
Breusch Pagan test-statistic  23.33 
** indicates significance at less than one percent 16 
Table 4 
Results from OLS and Robust Estimates of 
Average Hourly Earnings Equation 
(absolute t statistics in parentheses) 
Intercept 
Education 
Experience 
Experience squared 
Marital status 
R2 
Adjusted R2 
n  =  1589 
Breusch Pagan test·statistic 
OLS 
1.701 
(70.115)** 
0.0534 
(16.234)** 
0.0159 
(9.76)*' 
-0.0005 
(6.972)** 
-0.06217 
(2.629)** 
0.1617 
0.1589 
47.855 
** indicates significance at less than one percent 
Robust 
1.732 
(95.06)** 
0.0519 
(20.99)--
0.1716 . 
(14.03)** 
0.0006 
(10.356)*-
0.0555 
(3.123)** 17 
Results from OLS and Robust Estimates of 
Average Hourly Earnings Equation 
(absolute I-statistics in parentheses) 
OLS  Robust 
Intercept  1.71  1.734 
(70.139)**  (94.44)** 
Education  0.05277  0.0519 
(16.134)"  (20.936)** 
Experience  0.01564  0.01724 
(9.982)**  (14.039)** 
Experience squared  -0.00055  -0.00057 
(7.5)**  (10.22)** 
Maritan status  -0.02344  -0.04696 
(0.8868)  (2.352)** 
Dependent children  -0.09954  -0.02256 
(3.244)**  (0.953) 
R2  0.1669 
AdjustedR2  0.1648 
n  ~ 1589 
Breusch Pagan test statistic  56.75 
** indicates significance at less than one percent 
The coefficients on the independent variables did not change significantly when  the 
equations were fe-estimated using robust estimation techniques.  This suggests that 
errors in measurement of the dependent variable are not a major problem with these 
equations. 
The Breusch Pagan test statistic conducted for each OLS regression indicates the 
presence of heteroskedasticity. suggesting that endogeneity and/or censoring biases may 
,still be present.  Unfortunately, no comparable test is available for the robust equations. 
However, although approximately nine percent of the observations are weighted in these 
regressions, examination of the errors suggested that the estimated equation was flot 18 
capturing the true structural relationship between the dependent and independent 
variables.  This is indicative of  endogeneily and/or censoring biases being present in Ihis 
equation. 
Further support for the contention that censoring is present comes from the significance 
of  marital status and dependent children in the OLS equations, and of marital status in 
the Robust equations.  The results from the OLS equation in particular are consistent 
with Gronau's (1974) contention that the implied significance of  dependent children in 
the wage equation is spurious and a consequence of  censoring.  That is, when entered in 
a wage equation, dependent children convey infonnation about the probability of  a 
women being in the market sample, not about the effect of  dependem children upon 
market wages.  As such, Ihe"dependent children variable really belongs in the woman's 
reservation wage equation, not the market wage equation.  Its significance in the wage 
equation is simply an artifact of  censoring. 
This is clearly indicated in the OLS equations where marital status becomes insignificant 
when the dummy variable for dependent children is added to the equation.  The 
coefficients on both these variables are negative and of about the same sign, and it seems 
clear that marital status is simply acting as a proxy for children when entered withom the 
dependent children variable. 
However, the results from the robust equations present a slightly different picture.  In 
these equations dependent children is not significant. and the significance of marital 
status is reduced only slightly when the equation is estimated with both of these 
variables present.  This suggests that the dependent children variable in the OLS 
equation is picking up the infomlation lost in our computation of the experience variable, 
and that the robust estimations are doing what we expected and correcting for that lost 
infonnation.  Censoring bias is, however, still indicated by the significance of marital 
status in equations four and five. 19 
We therefore estimated a probit equation to obtain some quantitative meaSUI"e of the 
variables which detennine the probability of a given woman being in the market sample. 
This is given in equation (9) below 
(9)  Pli  EDi  +MSi +BPj+YCi +Ai 
Where (Pt) is a dichotomous variable representing participation in the labour force with 
the value of I for participants and 0 for non-participants; (ED) is education, (MS) and 
(BP) are dummy varirables as described above; (YC) is a dummy variable which takes 
the value of 1 for women who have at least one dependent child less than 5 years and 0 
otherwise;  and (A) is a dummy variable which takes the value of 1 for women who own 
or are purchasing their own homes, and 0 otherwise.  This variable was used to capture 
the woman's asset position.  However, because of the strong correlation between home 
ownership, age and marital status, these latter variables were used as instruments in 
place of home ownership per se in the sample selection equation (9) above. 
Although the dependent variable in this equation is labour force participation, it is not 
strictly correct to characterise it as a participation equation, principally because there is 
no wage variable in it.  It is in fact akin to a reservation wage equation of the fonn 
Wri  w(A, Z) 
Where A is the woman's asset position and Z is a vector of characteristics expected to 
capture differing preferences across the population.  In this case Z is comprised of 
education, marital status. ethnicity. and dependent children between the ages of  0 and 5 
years. 
I 20 
The results from this equation are presented in table 6 below. 
Results from Sample Selection Equation 
coeffic!ent  standard errors 
Intercept  2.173  0.2181 
Education  0.09514  0.01105 
Marital status  -0.4046  0.07344 
Young Children  -1.394  0.1098 
Assets  -0.0255  0.00271 
n = 2620 
variance (<1>22)  .95142 
These results were then used to compute the censoring correction variable (i\) This was 
then entered in the wage equation, along with the education and experience varirables. 
The results of  this regression are reported in Table 7 below. 21 
Results from OLS and Robust estimates of 
Average Hourly Earnings equation corrected for censoring 
(unadjusted absolute t-statistics in parentheses) 
Intercept 
Education 
Experience 
Experience squared 
R2 
Adjusted R2 
OLS 
1.737 
(61.8)** 
0.04872 
(13.8)** 
0.01543 
(10.2)** 
·0.00043 
(5.9)** 
·0.2775 
(3.35)** 
0.161 
0.159 
** indicates significance at less than one percent 
* indicates significance at two percent 
t  indicates significance at five percent 
Robust 
1.745 
(82.08)** 
0.04937 
(1.86)t 
0.01622 
( 11.34)** 
-0.00051 
(9.35)** 
-0.1499 
(2.275)* 
The results from these equation appear to indicate that, for the Australian economy, 
censoring may be a problem in female wage equations.  Unfortunately nothing more can 
be said until the standard errors have been corrected for the downward bias associated 
with the censoring variableS. 
The possible effect of  censoring is demonstrated in both the OLS and robust equations 
by the increases in the value and significance of the coefficients on the experience 
,variables.  Perhaps the most interesting result, however, is the reduced significance of 
the education variable in the censoring corrected robust regression.  Although the value 
of the coefficients change very little, the reduction in significance between the censoring 
corrected OLS and 'robust regressions and between the corrected and uncorrected robust 
regressions is marked.  This suggests that, relative to labour market experience, 
8  This correction is set oul in  Heckman (19&0), pp 240.242,  The results from  this  correction are in 
the process of being evaluated. 22 
education may be a less important detemlinant ofwomens' market wages in Australia. 
This difference in results from the robust equations is also indicative of the value of the 
robust estimation technique when dealing with datu which are imperfect for the 
economic equations being estimated. 
III  Conclusion 
This research has used suboptimal data to fit a wage equation for women who are 
household heads.  Attention has been been focused upon examining the biases likely to 
arise from the constraints of the data. as well as from the structure of problem being 
analysed. 
Robust estimation techniques were used to examine whether errors in measurement of 
the dependent variable were present, and to correct for imprecision in the computed 
variable for labour market experience.  Heckman's censoring correction was used to 
examine whether censoring was an important consideration in female wage equations 
estimated for the Australian economy. 
Results indicate that errors in measurement of the dependent variable are not a problem, 
but that imprecise measures of experience do impart biases into estimated wage 
equations.  There is also some indication that experience endogeneity may be present. 
Finally, contrary to Heckman's results for the U.S. economy, these results indicate that 
censoring bias may be present in female wage equations estimated for the Australian 
economy. 
Use of the robust estimation technique is also shown to be important when using data 
which are sub-optimal in that infom1ation on key variables is not directly available, but 
must be approximated from other data. Married 
Separated 
Divorced 
Widowed 
Not married 
Total 
Married 
. Separated 
Divorced 
Widowed 
Never married 
Total 
1-14 
8 
12 
8 
44 
72 
23 
Appendix 1 
Women in full sample by marital status 
and labollr force status 
in the labour  out of the 
force  labour force 
19 (.47)  21  (.53) 
113 (.50)  115(.50) 
261  (.54)  223 (.46) 
93 (.32)  194 (.68) 
1214 (.77)  367 (.23) 
1700  920 
Table 2 
Women in wage samQle  b)! marital status 
and hours worked 
Hours worked 
15-19  20-24  25-29  30-34 
1  i 
1  5  2  5 
6  8  II  9 
6  6  4  3 
15  37  23  32 
28  57  40  50 
total 
40 (.02) 
228  (.09) 
484 (.18) 
287 (.Il) 
1581  (.60) 
2620 
35+  total 
15  17 
77  98 
191  237 
54  81 
1005  1156 
1342  1589 24 
Table 3 
labour force slalUS of women with children 
in labour force  not in labour  total  percent of 
force  all women 
in sample 
children 0-4 years  42 (.23)  144 (.77)  186  7% 
children 5-9 years  73 (.32)  157  (.68)  230  8% 
children 10-14 years  101  (.38)  168  (.62)  269  10% 
total  216 (.38)  469 (.68)  685  26% 25 
Table 4 
Labour force status of women b:i children 
and by marital status  '" 
0-4 years  5-9 years  10-14 years  total 
Married 
in labour force  1  2  6  9 
not in labour force  6  6  8  20 
total  7  8  14  29 
Separated 
in labour force  21  23  18  62 
not in laoour force  36  36  37  109 
total  57  59  55  181 
Divorced 
in labour force  4  27  59  90 
not in labour force  35  70  74  179 
total  39  97  133  269 
Widowed 
in labour force  4  7  13  24 
not in labour force  5  19  37  61 
total  9  26  50  85 
Not Married 
in labour force  12  14  5  31 
not in labour force  62  26  12  100 
total  74  40  17  131 
"'Sample comprises women between the ages of 20 and 60 Variable Definition 
Never went to school 
Left school aged 13 or less 
Left school aged  14 or 15 
Left school aged 16 
Left school aged 17 
26 
Left school aged 18 or over 
Completed adult education course 
Trade qualifications 
Certificate or Diploma 
Bachelor or post graduate degree 
Variable Definition 
Never went to school 
Left school aged 13 or less 
Left school aged 14 or 15 
Left school aged 16 
Left school aged 17 
Left school aged 18 or over 
Completed adult education course 
Trade qualifications 
Certificate or Diploma 
Bachelor Of post graduate degree 
value 
I 
2 
3 
4 
5 
6 
7 
8 
9 
to 
Estimated School 
Leaving age 
I 
2 
14.5 
16 
17 
18 
18 
19 
19 
20 27 
Appendix 2 
Potential market experience was adjusted for children through the following equation: 
QUL  ~ al (2)bl  + (al(4)b2  + .a2(2)b2  0 <"  < 1 
+ (al(4)b3  + a2(4)b3  + .a3(2)b3)  0 < B < 1 
Where OUL is the amount of time spent out of the labour market as a result of  children. 
a]. a2. a3. represent the proportion of time that the 'average' woman spends out of the 
labour force in each year with children in each oflhe three age brackets. 
This propoprtion was determined by imerpreting the percentage of women with children 
in the above three categories (0-4, 5-9,  10-14) who did not panicipate in the labour 
market as representing the proportion of time that the 'average' woman, with a child in 
that category, would have spent out of the labour market in any year. 
"I =  0.77;  a2  =  0.68;  "3 =  0.62 
, It was then assumed that women with children in each age group could be expected 10 
have, on average, a child aged in the middle of the age group, so that the percentage of 
time spent out of the labour force was, for each age group multiplied by 2.  This 
provides an approximation of the average amount of time that a woman with a child in 
each of these age groups could be expected to have spent out of the labour market during 
the time that the children where in that age group. 
bI, b2. b3 represent the average number of  children in each age group. 
U72;  b2  1.203;  b3  1.346 28 
Equation (12) above, therefore. provides an estimate of the total amount of time that 11 
woman could be expected to have spent out of the labour market as a result of having 
children. 29 
Appendix: 3 
Robust Estimation of  the Wage Equation 
The robust estimation of the wage equation was perfonnerd using robust M-estimation. 
This can be considered as a simple modification of cIassicalleast squares estimation.  M-
estimators give full weight to observations assumed to come from the main body of the 
data, but reduced weight, and hence reduced influence to observations which are an 
unduly large distance from the main body. 
The estimator b is chosen as a solution to the equation 
(I.!  )  o 
where tJ.-o(x)  = tP(~), and e  is an estimator of the scale parameters. 
<1 
The two parameter tenn for y used here is 
(1.2)  ,y(u)  ifuS:bl 
u > bl 
From numerous expirical studies, it seems that for practical purposes there are three 
forms of (1.2) which are applicable: 
(a)  hI =,""  All observations are given unit weight, so 
that the usual estimates 
result. 
.. ~ 30 
, (b)  The non·decending fonn suggested by 
Huber  (1964) 
(c)  hi  = 2,  b2 = 1.25  A fe-descending fonn, giving the qualitative 
behavour suggested by Hampel (1973) so that 
the weighting function w(u) =  4~U) decreases 
at a rate faster than in (b). Here (b) and (c) are 
bounded influence functions (Hampel 1974), 
linear over the region of  values  Yi - §  ~ 
corresponding to reasonable data but bounded 
outside this range. 
The robust estimator S  is detennined iteratively, where at the 0+ 1)5t step 
Wi 
and 
Yi - xiGOl 
W  8GJ 
(LWi2 - k) 
A 
Here k is the length of the estimated vector £.  The new estimates ~+  1 are the 
solutions of the equations (1.1). • 
31 
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